Fish stocks in Ghanaian waters are on the decline. There is therefore the need to rebuild the stocks through marine stock enhancement and restocking. Stock enhancement and restocking are the guarantee routes to revive the stock declining menace of the country. Other benefits will include sustainable employment, increase fishers income, reduce poverty, ensures food security and promote national development. Species to be used for restocking is a major problem since the biology of the existing species is poorly understood. There are certain factors that must be taken into considerations if stock enhancement and restock programmes are to be successful, namely existing fisheries management schemes, socio-economic factors, institutional capacity and aquaculture development. The potential for Ghana to create sustainable, supplemental livelihoods through restocking or stock enhancement appears promising.
Introduction
Fish is an important source of animal protein, omega 3 fatty acids, vitamins (A, B12, D and E), calcium, iodine, iron, selenium and zinc that are often lacking or under-represented in most human diets [1] . Fish is estimated to represent approximately 60% of average animal protein intake in Ghanaian diet with an average per-capita fish consumption estimated to be 25 kg in 2014 [2] . The domestic fish supply in Ghana is from the marine, inland, aquaculture and imports. Marine accounts for the highest percentage of the production, 70%; 19% for inland and 11% for aquaculture of total fish production in 2016 [3] .
Ghana's coast is in the southern part of Gulf of Guinea, spanning an area of 238,500 km 2 with a total narrow continental shelf area of about 24,300 km 2 . The country has an Exclusive Economic Zone (EEZ) of 200 nautical miles (nm), covering an area of 228,509 km 2 , a territorial sea of 12 (nm) and a contiguous zone of 24 nm. The coastline is 550 km which stretches from Half Assini in the West to Aflao in the East [4, 5] .
The Ghanaian fishery sector is important because it generates over US$1 billion in revenue each year and accounts for at least 4.5% of national gross domestic product (GDP) [6] . The sector also provides employment for an estimated 210,000 people work directly in Ghana's fisheries sector, and the sector employs, directly or indirectly, 2.2 million people or 20% of the population [6] . It also generates income, cheap protein source and supports livelihood.
However, with the exception of the tuna fleet, catch per unit of effort (CPUE) of all fleets has been decreasing. The national statistics indicate a decline from 314,867.57 mt (2013) to 289,147.23 mt in (2014) [2] due to the unsustainable fishing practices such as fishing with small mesh sized nets, light, chemicals, pollution of the sea, etc. This necessitates the need to revive the fish stock and restore the derived benefits through better fisheries management practice such as stock enhancement, restocking and sea ranching, among others.
The fisheries in Ghana is near collapse. This has resulted in food insecurity, poverty, malnutrition and slow economic growth. Stock enhancement is a common practice in the developed world. However, in Ghana, the Government is not motivated to undertake stock enhancement programmes. The regulations, institution, infrastructure and technology are weak for stock enhancement and restocking programmes. The species to be selected for enhancement, management goals and objectives, assessing stocking effects, dealing with consumers' acceptability as well as economic and social considerations need to be considered.
Restocking Ghanaian fisheries will boost fish production, revenue from fisheries, food security, sustain livelihoods of millions of dependents and bring economic benefits to the country.
The state of fisheries in Ghana
Ghana has three main fishing units, namely artisanal, semi industrial and industrial. The artisanal fishing sector which comprises of about 9,951 small canoes lands about 70% of the total annual fish landings (254,000 metric tons) in Ghana. Its main catch composition includes mackerels, sardines and anchovies. The semi industrial which consists of trawlers and purse seiners mostly lands about 6,000 metric tons of fish with sardines and mackerels as its targeted fishes. On the other hand, industrial fishing sector made up of tuna purse seiners, tuna bait and trawl fleet harvest approximately 83,500 metric tons of fishes. Key fish species harvested by these industrial vessels include groupers, cuttlefish, snappers, yellowfin tuna, bigeye tuna and skipjack tuna [3] . Marine capture fisheries supply about 328,541 metric tons of fish annually ( Table 1) , despite the annual consumption of about 950,000 metric tons by Ghanaians.
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To bridge the supply and demand gap, Ghana currently imports over 50% of its fish, valued at $135 million worth largely due to reduction in the fish stock, particularly marine fishes [2] . Other notable issues blighting the contribution of marine capture fisheries in Ghana include increased fishing capacity, inadequate regulations and weak enforcement of existing regulations, low level of protection of marine biodiversity and inadequate information on fisheries biology and stocks [2] as well as climate change.
Importance of the fishery resource in national development
The fisheries sector plays a significant role in the socio-economic development of Ghana. The benefits derive from fisheries as a country is highly significant to the economy. It is evident from key economic indicators such as employment, livelihood support, poverty reduction and food security, particularly in rural fishing communities leading to rural development and the country at large.
Food security and protection against malnutrition
Fish serves as an important source of cheap but quality animal protein, omega 3, fatty acids, vitamins (A, B12, D and E), calcium, iodine, iron, selenium and zinc that are often lacking or under-represented in most human diet [1, 7] . It is consumed in all regions of Ghana, by both the poor and the rich, and in both rural and urban communities. Fish contributes 60% of annual protein intake of Ghanaians [8] .
Revenue for the country
The fisheries sector accounts for about 4.5% of the GDP and 12% of the agricultural gross domestic product (AGDP). The marine fisheries sector is estimated to generate approximately US $1 billion in total revenue each year [4, 6] .
Employment
Over 135,000 fishers are directly employed in Ghana's marine capture fisheries and about 2.6 million people rely on them, including spouses, children, close relatives as well as canoe carvers, input suppliers and office workers for industrial fishing fleets. Fish workers engaged in processing and distribution alone are estimated to be around 500,000 individuals. Artisanal marine fishers alone number about 120,000 workers. The sector has employed approximately about 10% of country's labour force [4] .
The sector's gender balance is worthy of mention. While men are involved in fishing the actual fishing process, women are engage in postharvest activities such as fish processing, storage and distribution.
Poverty reduction
The sector also supports the livelihoods of 10% of Ghana's population of about 29 million people [9] . Over 2 million Ghanaians are dependent on the fisheries sector for their livelihoods including some 135,000 fishers in the marine sector alone, of which 124,000 (or 92%) are artisanal fishers [10, 11] .
Foreign exchange
Fishery and finfish products are Ghana's most important non-traditional export commodities, accounting for over 50% of revenue from non-traditional export. About 90% of tuna landings are exported mainly to EU countries [12] . Tuna sales alone account for 14% of non-traditional exports (NTEs) from Ghana and are the single largest contributor after horticulture. Fish exports from Ghana are made up of high value tuna (whole, loins and canned), frozen fish (mostly demersal species), shrimps, lobsters, cuttlefish and dried and smoked fish [12] .
The current state of fish stocks
The Ghanaian marine is highly diverse with different valuable fish species ranging from small pelagics such as Round sardinella (Sardinella aurita), Other economically valuable fish species that occur in Ghanaian waters are the bigeye tuna (Thunnus obesus), Yellowfin tuna (Thunnus albacares) and skipjack (Katsuwonus pelamis). Tuna is of major commercial importance in Ghana as a result of its export revenues and sustainability, which has been estimated at 100, 000 tonnes annually by the Fisheries Commission. The two tuna species of utmost importance in Ghana's EEZ are skipjack (Katsuwonus pelamis) and yellowfin (Thunnus albacares). Fish are highly exploited especially during the upwelling seasons.
Of these exploited pelagics, the most commercially important in Ghana's coastal fisheries are the anchovies and sardinellas, namely round sardinella (Sardinella aurita) and flat sardinella (S. maderensis) which occur in the entire sea [13] .
The need for stock enhancement (prospective species)
Production from marine fisheries has been declining since 2000, from almost 457,000 to 328,000 tonnes in 2016 [3, 13] . In order to sustain the per-capita annual consumption of fish (estimated at around 25 kg), imports have increased substantially in the most recent years, reaching USD 373 million in 2013. As a result, the seafood trade balance moved from a USD 33 million surplus in 1997 to a USD 319 million deficit in 2013 [13] .
Sizable catches occur only for a period of 3 months (usually July-September) because of seasonal fluctuations in abundance of small pelagic fish species (especially sardinellas); implying that monthly incomes from fishing can be minimal during the rest of the year.
Currently, Ghana's marine stocks are overexploited by the industrial fleet, leading to decline of harvests from marine fisheries. This precipitous decline of Ghana fish stocks has had dire implications for coastal livelihoods which go beyond economic challenges. Locals at the coast use indigenous methods to harvest which is no or less economic intensive during fish abundant seasons.
It is estimated that the fisheries, mostly artisanal, employ over 12,000 fishing vessels, with 70% motorized [3, 13] . This has resulted to increased fishing pressure and high CPUE. The Catch data collated by the Ministry of Fisheries and Aquaculture Development (MoFAD) (2014) indicate a drastic decline of stocks. Recently, the ministry has recorded no catch data of some species indicating full exploited of such species.
It was reported that the total landings of small pelagic (anchovies, sardinellas, mackerels and horse mackerel) have decreased from 277,000 metric tonnes in 1996 to about 92,000 metric tonnes in 2011 [4] .
The Ministry is seeking for sustainable ways to restore depleted stocks and increase production to help meet the country's fish deficit, hence the Fisheries and Aquaculture Development Plan has been developed. The potential benefits of this plan include:
• Source as additional catch for commercial and recreational fishermen.
• Rebuild spawning stock biomass for the promotion or acceleration of recovery.
• Ensure the survival of stocks threatened by extinction.
• Mitigate losses due to anthropogenic effects.
The way forward and benefits
Consequently, declines in fish stocks within Ghana's marine ecosystem will have serious implications on the health and socio-economic of consumers as well as the economy of the nation which jointly depends on contribution of fisheries to the national GDP (4.5%). Reduced nutrition particularly in dependent households, increased levels of poverty and loss of jobs for direct and indirect dependents are some of the consequences likely to emanate from the current situation -declining fish stocks in Ghana [14] . Collectively, the presence of these consequences limits Ghana's ability to achieve some of the sustainable development goals, particularly SDGs 1, 2 and 14. However, to prevent or minimize the impacts precipitating from declining marine fish species in Ghana, the Ministry of Fisheries and Aquaculture Development (MoFAD) has put in place many measures including increased interest in aquaculture, (the National Committee on Aquaculture has been formed), equipping monitoring, control and surveillance (MCS) section of the Fisheries Scientific and Survey Division with necessary equipment and the establishment of co-management to enhance voluntary compliance to fisheries regulations in Ghana. Nonetheless, the notion of stock enhancement, though, a management tool in fisheries management has not been given the needed attention in the context of Ghanaian fisheries regardless of its success stories in other fishing countries (such as Japan, Australia and USA). For instance, stock enhancement helped to revived Hokkaido Scallop fishery in Japan [15] , improved the stocking programmes in Black bream fishery in Australia [16] as well as supported the Coho salmon fishery in Japan [17] , which was lost to habitat degradation. Significantly, stock enhancement helps to optimize harvests by overcoming recruitment overfishing to augment the natural supply of juveniles. Though, there are no clear objectives centred on stock enhancement in the MoFAD Management Plan (2015-2019), objectives 2 and 4, which categorically states that (i) to ensure that fish stocks within the marine waters of Ghana are exploited within biologically acceptable levels and (ii) to protect marine habitats and biodiversity provide an opportunity for the application of stock enhancement in Ghana using certain key fish species based on best scientific information available. Nonetheless, for the objectives of stock enhancement to be achieved, certain areas need to be strengthened, for instance, fish stock assessment and modeling, institutional framework, adaptive management, 'clear cut' fishery management perspective and involvement of stakeholders in planning and execution.
Stock enhancement when practiced in Ghana particularly within the marine capture fisheries, which has exhibited gradual decline over the years, will not only ensure that enough fish stock exist for both current and future generations but maintain or increase its contribution to the national economy. Furthermore, the contribution of marine capture fisheries to youth employment will be maintained for decades. However, there is the need to cautiously preserve existing stock while aiming at restoring and increasing the harvest level of these stocks using cultured fishes.
Some critical considerations for marine stock enhancement and restocking in Ghana

Existing fisheries management approach
The lack of consideration of economic incentives affecting fishermen has resulted in the failure of many fisheries management systems worldwide. There is the need to recognize both the biological and economic realities of fisheries management.
The socio-economic and institutional aspects of stock enhancement and restocking
In other parts of the world, successful stock enhancement and sea ranching programmes are often run by cooperatives and the private sector [18, 19] therefore, involvement of NGOs and other private sector fishery business will go a long way to ensure the revival of the fish stock through sea ranching. This programme can raise awareness of the importance of fishery management among stakeholders, resulting in increased willingness to accept fishing effort controls [20] .
Aquaculture consideration
A promising synergy between capture fisheries and aquaculture is the opportunity to apply hatchery technology to restore and augment some coastal fisheries through the release of cultured juveniles [20] . The aquaculture sector in Ghana is developing which currently contribute to 11% to total fish production [3] . The sector needs to consider mariculture activities, which will be beneficial to stock enhancement and restocking programme in the country.
Conclusion
Fish stocks in Ghanaian waters are declining. There is therefore the need to urgently rebuild the stocks through marine stock enhancement and restocking. This will ensure sustainable livelihood, increase fisherman's income, reduce poverty, ensures food security and promote national development. Species to be used for restocking is a major problem since the biology of the existing species is poorly understood.
